function is considered to be to control fatty acid metabolism. 5 Interestingly, CBR1 has been shown to regulate the malignant behaviors of cancer cells. For example, the decreased expression of CBR1 has promoted cell proliferation activities and tumorigenesis in vivo, with the loss of E-cadherin expression and the activation of matrix metalloproteinases in ovarian, uterine cervical, or uterine endometrial cancers. [6] [7] [8] [9] [10] Thus, the decreased expression of CBR1
promotes tumor growth and metastatic activities and is closely associated with lymph node metastasis and a poor prognosis in ovarian, uterine cervical, and uterine endometrial cancers. 7, 8, 10 In contrast, the increased expression of CBR1 has suppressed cell proliferation activities and tumor growth in various in vitro and in vivo experiments in ovarian cancers. [9] [10] [11] The epithelial mesenchymal transition (EMT) is involved in the progression of some malignant tumors. [12] [13] [14] [15] With regards to EMT, cancer cells are transformed into fibroblast-like cells with decreased E-cadherin expression. The authors reported that the suppression of CBR1 expression stimulated the invasion of cancer cells, with the reduction of E-cadherin expression, in uterine cervical cancer. 7, 8 In addition, the authors recently found that decreased CBR1 expression promotes the invasive activity of cancer cells in endometrial adenocarcinomas by inducing EMT. 8 Therefore, CBR1 seems to play an important role in cancer progression by regulating EMT in cervical cancer.
The authors previously reported that, in vitro, CBR1 suppression increased cancer cell invasion, accompanied by a decrease in E-cadherin expression. 7 However, it is unclear whether the CBR1 suppression actually promotes tumor growth in vivo, and if it does, by what mechanism. In order to answer these questions, here it has been investigated whether the decreased expression of CBR1 promotes tumor growth in uterine cervical squamous cell carcinomas and, if this is the case, whether the decrease in CBR1 expression is associated with EMT.
| MATERIALS AND METHODS

| Cell line and culture
SiHa and SKG II, which are human uterine cervical squamous cell carcinoma cell lines, were used. The SiHa cells were purchased from Cell
Resource Center for Biomedical Research (Tohoku University, Sendai, Japan) and the SKG II cells were purchased from Health Science
Research Resources Bank (Osaka, Japan). The SiHa cells were cultured in Eagle's minimal essential medium (Sigma-Aldrich, Tokyo, Japan) that was supplemented with 10% heat-inactivated fetal calf serum (FCS).
The SKG II cells were cultured in Ham's F12 medium (Sigma-Aldrich) that was supplemented with 10% FCS. The cells were seeded at a density of 5 × 10 4 cells/well in a six-well microtiter plate in the medium that was supplemented with 10% FCS. Then, they were incubated at 37°C in a humidified 5% CO 2 incubator for 7 days. The cells were trypsinized and counted with a cell counter (Vi-CELL XR; Beckman Coulter, Tokyo, Japan) at each point, as reported previously. 16 
| Gene transfection procedures
| Western blot analyses
The cells were resuspended in radioimmunoprecipitation assay buffer (WAKO, Tokyo, Japan) and sonicated. The insoluble materials were removed by centrifugation at 20 000 g for 10 minutes at 4°C and the samples were boiled for five minutes after SDS sample buffer (New England BioLabs, Tokyo, Japan) was applied. The proteins (10 μg)
were electrophoresed on 10% of SDS-polyacrylamide gel (PAGE).
After SDS-PAGE, the proteins were transferred to a polyvinylidene difluoride membrane (New England BioLabs) with a semidry-type blotting system. After blocking the membrane with blocking solution, 
| Real-time polymerase chain reaction
The expression of a transcription factor of E-cadherin, SNAIL, was examined by semiquantitative real-time polymerase chain reaction (RT-PCR). The total RNA was isolated by using a RNeasy mini kit (QIAGEN, Tokyo, Japan 
| In vivo experiments
| Immunohistochemistry
After eight weeks of injection, the mice were sacrificed and then the tumors were removed. Immunohistochemistry was performed by the streptavidin-biotin-peroxidase complex technique, as reported previously. 7 The tumor specimens were fixed in 10% An observer-related mean was calculated for each tumor sample and the mean of the three observer-related means was used as a single observation.
| Microarray analysis and pathway analysis
The antisense cDNA to CBR1 was transfected into SKG II (antisense) cells. A clone transfected with the empty vector was used as a negative control. The transcriptome of each clone was analyzed, as reported previously. 21 The total RNAs were isolated from cells by using 
| Statistical analyses
The significance of the difference between the two groups was analyzed by Tukey's test. A probability value of P < .05 was considered to be significant. All the statistical analyses were performed by using the SPSS 5.0 J for Windows software package (SAS Institute, Inc., Cary, NC, USA).
| RESULTS
| Clones with suppressed carbonyl reductase 1 expression
In order to investigate the role of CBR1 on the malignant potential of squamous cell carcinoma cells, clones with suppressed CBR1 expression were established by transfecting antisense cDNA to CBR1
into SKG II and SiHa cells. The cells that had been transfected with the empty vector were used as negative controls (control clones). As expected, SKG II and SiHa clones were obtained with decreased CBR1 expression ( Figure 1A ).
| Effect of carbonyl reductase 1 suppression on cell proliferation
The cell proliferation was significantly higher in the decreased CBR1
(antisense) group than in the control group on day 7 in the SKG II cells and on days 5 and 7 in the SiHa cells ( Figure 1B ).
| Effect of carbonyl reductase 1 suppression on the epithelial mesenchymal transition markers
The expression levels of the epithelial markers, E-cadherin and cy- SNAIL is a transcriptional factor that suppresses E-cadherin and regulates EMT and is reported to be a useful predictor of the prognosis of several cancers. [22] [23] [24] [25] [26] The expression of SNAIL mRNA that was examined by the RT-PCR was higher in the decreased CBR1 (antisense) group, compared with the control group, in the SKGII and SiHa cells ( Figure 2B ).
There seems to be some differences in the expression of the EMT markers between the SiHa and SKGII cells. In fact, in the authors' previous report, 12 the apoptotic effect of the knock-down of heat shock protein 70 was more apparent in the SiHa cells than in the SKGII cells.
Thus, the different expression of the EMT markers could be related to the different characteristics of the cells.
| In vivo effects of carbonyl reductase 1 suppression on tumor growth
Tumors in the decreased CBR1 (antisense) group grew rapidly, compared with the tumors in the control group ( Figure 3A ). In the nude mice 8 weeks after cancer cell injection, the tumor size was significantly larger in the decreased CBR1 (antisense) group than in the control group ( Figure 3B ).
F I G U R E 2
Effects of carbonyl reductase 1 (CBR1) suppression on epithelial mesenchymal transition (EMT) markers. Antisense complementary DNA to CBR1 was transfected into the SKG II and SiHa (antisense) cells. The control clone transfected with the empty vector was used as a negative control. A, The expression levels of E-cadherin and cytokeratin as epithelial markers and of alpha-smooth muscle actin (αSMA), fibronectin, and N-cadherin as mesenchymal markers were analyzed by Western blotting. β-tubulin was used as an internal control. The expression levels of αSMA in the SKG II cells and N-cadherin in the SiHa cells were too low to be detected. B, As a transcription factor of EMT, SNAIL was examined by real-time polymerase chain reaction. Glyceraldehyde 3-phosphate dehydrogenase (GAPDH) was used as an internal control F I G U R E 3 In vivo effects of carbonyl reductase 1 (CBR1) suppression on tumor growth. Cells (1 × 10 7 cells) transfected with antisense complementary DNA to CBR1 (antisense group; n = 9) or the empty vector (control group; n = 8) were subcutaneously injected into female BALB/c nude mice (4 weeks old). A, The tumor size was measured every week for eight weeks after injection. *P < .01, compared to the control. B, Representative photographs of tumor growth 8 weeks after injection are shown
Immunohistochemical analysis of carbonyl reductase 1 (CBR1) and epithelial mesenchymal transition-related markers in the tumors that can be seen in Figure 3 . A, E-cadherin is an epithelial marker and alpha-smooth muscle actin (αSMA) is a mesenchymal marker. The inserts indicate the high-power field. Scale bars: 100 μm and 50 μm in the low-and high-power fields, respectively. B, A quantitative analysis of the immunohistochemical expression of CBR1, E-cadherin, and αSMA shows the mean ± SE of three tumor samples. *P < .05, compared to the control
| Immunohistochemistry
The immunohistochemical studies revealed that the tumors in the decreased CBR1 (antisense) group stained more weakly for CBR1
and E-cadherin than did the control group, while they stained more strongly for αSMA than did the control group ( Figure 4A ). By quantitative analysis for the immunohistochemical expression, there were significant differences in the expression of CBR1, E-cadherin, and αSMA between the control group and the antisense group ( Figure 4B ).
These findings suggest that the growth of the tumors in the decreased CBR1 (antisense) group involved EMT.
| Microarray analysis and pathway analysis
In order to investigate how CBR1 regulates EMT, a microarray analysis and IPA analysis were performed. The suppression of the CBR1 upregulated 457 genes and downregulated 269 genes. The top 20 upregulated and downregulated genes are shown in Tables 1 and 2, respectively. The downregulated genes included E-cadherin, while the T A B L E 1 Top 20 genes that were upregulated in the carbonyl reductase 1 (CBR1)-suppressed cells The top 20 genes among the 457 genes that were upregulated in the CBR1-suppressed cells, as compared to the control (empty vector) cells, are shown.
T A B L E 2 Top 20 genes that were downregulated in the carbonyl reductase 1 (CBR1)-suppressed cells The top 20 genes among the 269 genes that were downregulated in the CBR1-suppressed cells, as compared to the control (empty vector) cells, are shown.
upregulated genes included fibronectin. An IPA analysis of the 726 upregulated and downregulated genes identified many potential pathways, the top 15 of which are shown in Table 3 . Two of the pathways involve Wnt/β-catenin signaling and transforming growth factor-β (TGF-β) signaling, which are involved in EMT.
| DISCUSSION
The authors previously reported that CBR1 suppression changed the morphology of cervical cancer cells, enhanced their invasive activity, and decreased their expression of E-cadherin in vitro. 7, 8 In the present study, CBR1 suppression increased the proliferation activity of cancer cells, with both a decrease in epithelial markers (E-cadherin and cytokeratin) and an increase in mesenchymal markers (fibronectin, αSMA, and N-cadherin), as well as an increase in a transcription factor of E-cadherin (SNAIL), which are characteristic features of EMT. [27] [28] [29] [30] [31] Furthermore, cancer cells with suppressed CBR1 expression showed a high level of activity of tumorigenesis in vivo ( Figure 3 ). These results suggest that CBR1 suppression promotes tumor growth by inducing EMT in squamous cell carcinoma cells.
The present results are in agreement with previous reports on ovarian cancer and uterine endometrial cancer: a close relationship between the decreased CBR1 expression and lymph node metastasis or a poor prognosis has been found in ovarian cancer. 19 Cancer cells with the decreased CBR1 expression have a high level of metastatic activity. 6 The authors' previous reports also showed that suppression of the CBR1 expression promoted malignant behaviors by inducing EMT and that the loss of CBR1 expression was associated with a poor prognosis in uterine endometrial cancers. 8 It is unclear how CBR1 regulates EMT. In this study, it was found that CBR1 suppression stimulated the intracellular signaling pathways of TGF-β and Wnt/β-catenin (Table 3) , both of which have been reported to play roles in regulating EMT. [32] [33] [34] [35] [36] [37] [38] [39] [40] The authors speculate that CBR1 regulates EMT by interacting with the TGF-β and Wnt/β-catenin pathways. It would be interesting to investigate in follow-up studies whether TGF-β actually induces EMT through a Wnt/β-catenin pathway in uterine cervical cancer cells.
The inhibitory effect of CBR1 on ovarian cancer growth is also reported to be mediated by the activation of the tumor necrosis factor receptor (TNFR) pathway. 11 However, this study's microarray and IPA analyses did not detect TNFR signaling. It is hard to explain why CBR1
does not interact with TNFR signaling in uterine cervical cancer cells, while it does in ovarian cancer cells. The difference could be related to that the intracellular signaling pathways that are involved in cancer progression differ among cancers.
It is unclear whether the CBR1 action is mediated by its enzyme activity. The authors found in preliminary experiments that E-cadherin expression was decreased by a CBR1 inhibitor that inhibits CBR1 enzyme activities in cervical cancer cells, suggesting that CBR1 at least partially works as an enzyme.
The present study suggests that CBR1 can be a new target molecule controlling uterine cervical cancer. Increasing CBR1 expression could be a new strategy for the treatment of uterine cervical cancer.
Although the effect of the overexpression of CBR1 on the malignant behaviors of uterine cervical cancer cells was not investigated in this study, the authors previously reported that the overexpression of CBR1 (induced by transfection of sense cDNAs into the SiHa cells)
increased E-cadherin expression and decreased the secretion of matrix metalloproteinases. 7 Thus, it is expected that increasing CBR1 The 726 aberrantly expressed genes (457 upregulated and 269 downregulated genes) by CBR1 suppression were analyzed by an ingenuity pathway analysis (IPA). Among the 59 canonical pathways that were obtained from the IPA, the top 15 pathways are shown. IRF, interferon regulatory factor; TOB, transducer of ErbB.
T A B L E 3 Top 15 canonical pathways for the aberrantly expressed genes, by carbonyl reductase 1 (CBR1) suppression expression would inhibit tumorigenesis in squamous cell carcinoma cells. Interestingly, clofibric acid, which is a peroxisome proliferatoractivated receptor α ligand and is used for the treatment of hyperlipidemia, increased CBR1 expression and inhibited tumor growth in human ovarian cancer. 41 Thus, clofibric acid appears to be a promising agent for the treatment of uterine cervical cancer.
At present, uterine cervical cancers are the most common cause of death among young women. Although there are effective vaccines for human papillomavirus, it is still hard to treat patients with advanced cancers and recurrent diseases. This study might provide a novel therapeutic strategy that targets CBR1 for uterine cervical cancer.
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